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We report on thermodynamic, magnetization, and muon spin relaxation measurements of the
strong spin-orbit coupled iridate Ba3IrTi2O9, which constitutes a new frustration motif made up
a mixture of edge- and corner-sharing triangles. In spite of strong antiferromagnetic exchange
interaction of the order of 100 K, we find no hint for long-range magnetic order down to 23 mK. The
magnetic specific heat data unveil the T -linear and -squared dependences at low temperatures below
1 K. At the respective temperatures, the zero-field muon spin relaxation features a persistent spin
dynamics, indicative of unconventional low-energy excitations. A comparison to the 4d isostructural
compound Ba3RuTi2O9 suggests that a concerted interplay of compass-like magnetic interactions
and frustrated geometry promotes a dynamically fluctuating state in a triangle-based iridate.
I. INTRODUCTION
Quantum spin liquids (QSLs) are a quantum param-
agnetic state that entails fractionalized quasiparticles,
quantum entanglement, and topological order1,2. This
novel state of matter is characterized by a macroscopic
degeneracy of ground states that triggers fluctuations
among several possible spin configurations, thereby pre-
venting a symmetry breaking even at zero temperature.
In search of QSLs, the local connectivity of edge- and
corner-sharing triangles offers an elementary motif of ge-
ometrically frustrated magnets. The best physical re-
alizations of QSLs known to date are the organic tri-
angular compounds κ-(BEDT-TTF)2Cu2(CN)3
3–6 and
EtMe3Sb[Pd(dmit)2]2
7,8, the rare-earth triangular sys-
tem YbMgGaO4
9,10, and the kagome antiferromagnet
ZnCu3(OH)6Cl2
11–13, which commonly show the absence
of static magnetism and the presence of fractionalized
spinon (charge neutral S = 1/2) excitations.
On the other hand, strong spin-orbit coupled magnetic
insulators offer another efficient route to achieve a QSL
ground state. Owing to exchange frustration, a bond-
dependent Kitaev honeycomb lattice harbors a topolog-
ical QSL with emergent gapless and gapped Majorana-
fermion excitations14–16. The promising candidates for
Kitaev physics are the harmonic-honeycomb iridates α-,
β-, and γ-Li2IrO3
17–20 and the ruthenium tricloride α-
RuCl3
21–23. An ensuing question to ask is whether an
exotic state of matter emerges when two central threads
of frustration are combined into a single system.
The 6H-perovskite compounds Ba3MA2O9
(M=transition metals; A=Sb, Ti) are an outstand-
ing class of materials to explore the synergy effect of
geometrical and exchange frustration thanks to their
alternating arrangement of magnetic and nonmagnetic
triangular lattices as well as to their capacity of hosting
a vast library of chemical variants, ranging from a 3d to
5d metal ion24–30. Depending on the metal cation M,
diverse ground states have been reported, including a
spin-orbit liquid state, spin-freezing, 120◦ order, and a
putative spin liquid. Very recently, Ba3IrTi2O9 has re-
ceived much theoretical interest in an attempt to extend
a Kitaev physics to a case of triangular iridates31–33.
Based on ab initio calculations, A. Catuneanu et al.33
evaluated a minimal spin Hamiltonian with the Kitaev
interaction K ' −4 meV, the Heisenberg interaction
J ' −2 meV, and the symmetric off-diagonal interaction
Γ ' 2 meV. However, the Ir/Ti site disorders prevent
the realization of the J − K − Γ triangular lattice
model in Ba3IrTi2O9. Nevertheless, as exemplified in
Ba3CuSb2O9
25, a new structural motif could emerge
from the original triangular lattice thanks to the appar-
ent structural imperfection, thereby stabilizing a novel
state of matter34.
In this paper, we introduce the spin-orbit coupled
Ba3MTi2O9 (M=Ru,Ir) as a structural variant of the
J−K−Γ triangular lattice. Using specific heat, magneti-
zation, and muon spin resonance, we show experimental
signatures of a spin liquid in M=Ir, namely, coherently
fluctuating spins down to 23 mK and spinon-like uncon-
ventional excitations.
II. EXPERIMENTAL DETAILS
The polycrystalline samples of Ba3MTi2O9 (M=Ru,
Ir) were synthesized by a solid state reaction method.
Stoichiometric amounts of BaCO3, RuO2, IrO2, and
TiO2 were thoroughly ground and mixed, and the result-
ing mixtures were made into pellets. The pellets were sin-
tered at 1100 ◦C for 72 hours with intermediate grindings.
Powder x-ray diffraction measurements were carried out
at room temperature by PANalytical Empyrean ALPHA-
1 diffractometer with graphite monochrometer (Cu Kα;
λ = 1.54056 A˚) for the Ir sample and Bruker D8 Ad-
vance diffractometer with Cu Kα radiation (λ = 1.54182
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2A˚) for the Ru sample. dc magnetization was measured in
the temperature range T = 2− 300 K using conventional
SQUID magnetometer (MPMS, Quantum Design). Elec-
tric resistivity of the Ba3MTi2O9 pellets was measured
using DC resistivity option in a Quantum Design physical
property measurement system (PPMS).
Specific heat measurements were carried out using
a semi-adiabatic compensated heat-pulse method de-
scribed in Ref. 35. Because of the low heat capacity
of the sample, particular attention has been paid in the
measurement and subtraction of the addenda which con-
sist of the heat capacity of the silver platform, thermome-
ter, heater, connecting wires and a very small amount of
grease used to attach the sample. The error bars were
calculated from the error of the semiadiabatic heat-pulse
method itself and the temperature deviation of the plat-
form thermometer from a calibrated reference thermome-
ter. Muon spin relaxation (µSR) experiments were per-
formed on the DR spectrometer (T = 0.02 − 4 K) and
the LAMPF spectrometer (T = 1.6−125 K) at TRIUMF
(Vancouver, Canada). The collected µSR data were an-
alyzed by using the free software package MUSRFIT36.
III. RESULTS AND DISCUSSION
A. Spin topology and basic properties
Figure 1(a) presents the elementary building block of
Ba3IrTi2O9, that is, the structural Ir(1)Ti(2)O9 dimers
made of face-sharing of Ir(1)O6 and Ti(2)O6 octahe-
dra. These pairs form triangular bilayers of Ir4+ (5d5;
Jeff = 1/2) and Ti
4+ (S = 0), stacked along the crys-
tallographic c axis and separated by another nonmag-
netic triangular layer of Ti(3)4+. Because of the sim-
ilar ionic radii between Ir4+ and Ti4+ ions, the Ir/Ti
intersite disorders are unavoidable. Indeed, our x-ray
diffraction measurements uncover a random occupation
of about 39 % nonmagnetic Ti4+ ions in the magnetic
triangular layers and a few percentage of Ir4+ ions in the
single non-magnetic Ti(3) layer (see Supplementary Ma-
terials A and B37). Ba3RuTi2O9 shares the same spin
topology as Ba3IrTi2O9
38.
At a first glance, the cation disorder seems to generate
two decoupled 1/3 depleted and 2/3 depleted triangle lay-
ers. In this conventional scenario, the 39 % spins created
in the nonmagnetic triangular subsystem would exceed
the percolation threshold of pc = 0.5 expected for a 2D
triangular lattice. Contrary to the expected 39 % orphan
spins, the high-field magnetization data place an upper
limit on the magnetic impurities of about 2 % (see Sec.
III B). This means that despite the apparent dilution,
most of Ir4+ spins are strongly exchange-coupled with
the exchange interaction strength larger than 100 K.
This conundrum is solved by considering the out-of-
plane exchange interaction J2(≈ J1) through Ir-O-O-Ir
exchange paths, which is absent in the original triangu-
lar lattice but is activated when the M(1) atoms go into
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FIG. 1. (a) Triangular bilayers of Ir(1)4+/Ti(2)4+ which
are separated by a nonmagnetic triangular layer of Ti(3)4+
and are stacked along the c-axis. The blue, green, and red
balls stand for Ir, Ti, and O atoms, respectively. The bar-
ium atoms are omitted for clarity. The gray solid lines depict
the superexchange paths Ir-O-O-Ir. In the presence of the
Ti4+/Ir4+ cation disorders within the Ir(1)Ti(2)O9 dimers,
a nearly isotropic tetrahedron (J1 ≈ J2) is created. (b)
Temperature dependence of resistivity of Ba3MTi2O9 plot-
ted on a log-log scale. The solid lines are fits to a power law
ρ(T ) ∼ T−n. (c) Temperature dependence of the magnetic
susceptibility of Ba3MTi2O9 measured at H = 500 Oe in zero-
field-cooled and field-cooled processes. The solid lines repre-
sent the intrinsic magnetic susceptibility χintr(T ) obtained by
subtracting the contribution from orphan spins. The inset
plots the inverse magnetic susceptibility. The Curie-Weiss
fits are shown in the temperature range T = 100 − 320 K
with solid lines.
the Ti(2) site. We refer to Fig. 1(b) and Table II of Sup-
plementary Material for the distances and angles of the
two different J1 and J2 exchange paths
37. As the neigh-
boring triangular bilayers are shifted with respect to the
other such that the vertices of the first bilayer are at
the center of the second one, the Ir/Ti cation disorders
within the structural dimers supply a structural motif
to form a tetrahedron magnetic lattice. Given that the
M4+ spins are distributed in the 1:2 ratio between the
M(1) and Ti(2) triangular plane, the magnetic lattice of
Ba3MTi2O9 forms the 1/4 depleted tetrahedral lattice,
viewed as a combination of corner- and edge-sharing tri-
angles. It should be noted that a ground state degeneracy
of the 1/4 depleted tetrahedral lattice in two dimensions
is something between the triangular and the kagome lat-
tices. Therefore, the structural imperfection allows inves-
tigation of an unexplored frustration motif that bridges
the triangular and kagome lattice.
Before proceeding, we stress that the interlayer in-
3teraction J2 should be always invoked in the presence
of the M/A site disorders for the Ba3MA2O9 family.
For instance, the newly activated J2 interaction gives
a natural explanation why the Curie-Weiss temperature
varies hardly with the concentration of the M ions in
Ba3MxTi3−xO9 (M = Ir, Rh)39.
In Fig. 1(b), the temperature dependences of resistivity
ρ(T ) of the Ba3MTi2O9 pellets are plotted on a double
logarithmic scale. At room temperature the resistivity
is an order of 103−4 Ωcm and increases up to 109 Ωcm
at low temperatures. Overall, ρ(T ) displays a power-
law divergence ρ(T ) ∝ T−n, establishing that all sam-
ples are a Mott insulator. The exponent n = 6.4 for the
Ru compound (changing to n = 4.7 at about 90 K) in-
creases to 8.5 for the Ir compound, suggesting that Mot-
tness becomes stronger with increasing spin-orbit cou-
pling. This highly insulating behavior corroborates that
localized magnetic moments are responsible for the mag-
netism, excluding any role of charge fluctuations.
The magnetic behavior of the Ir4+/Ru4+ (4d4;S = 1)
local moments was investigated by magnetic susceptibil-
ity χ(T ). As shown in Fig. 1(c), the T dependence of
χ(T ) displays a Curie-Weiss behavior in the temperature
range T = 100− 320 K and a strong enhancement at low
temperatures with no hint of long range magnetic order.
Fittings to the Curie-Weiss formula yield the effective
moment µeff = 2.5 and 1.3 µB, and the Weiss temperature
ΘCW = −160 and −143 K for the Ru and Ir compound,
respectively, indicative of strong antiferromagnetic inter-
actions [see the inset of Fig. 1(c)]. The steeply increasing
χ(T ) at low temperatures is due to a few percentage of
orphan spins. After subtracting their contribution (see
Sec. III B for detailed estimate), the intrinsic magnetic
susceptibility χintr(T ) is plotted in Fig. 1(c). On cool-
ing towards 4 K, χintr(T ) tends to saturate to a constant
value.
A close inspection of χ(T ) unravels a small splitting be-
tween the zero-field cooled (ZFC) and field-cooled (FC)
data at low temperatures for both compounds. Based on
the ac susceptibility of Ba3RuTi2O9 that exhibits a peak
at T = 67 mK and its frequency dependence (see Sup-
plementary Material C37), we conclude that the Ru com-
pound undergoes a transition to a spin frozen or glasslike
state. In contrast, the ac susceptibility of Ba3IrTi2O9 ex-
hibits neither sharp features nor frequency dependence.
Obviously, this rules out the presence of slow dynamics.
However, the existence of a dynamically fluctuating state
in the Ir compound cannot be validated on the sole basis
of the dc and ac susceptibility measurements.
B. Magnetization
In order to differentiate disorder induced defects from
the intrinsic magnetic susceptibility χintr(T ), we per-
formed high-field magnetization measurements at Dres-
den High Magnetic Field Laboratory using a pulsed field
magnet with 20-ms duration and an induction method
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FIG. 2. Magnetization curve M(H) of Ba3IrTi2O9 and
Ba3RuTi2O9 measured at T = 1.5 K. The gray circles are the
experimental data and the red solid line is a fit of M(H) to the
equation described in the text. The blue dashed lines are the
contribution of orphan spins to magnetization, Mimp(H), and
the green open circles represent the residual magnetization in-
trinsic to the system obtained by subtracting the orphan spin
contribution from the raw data.
with a pick-up coil device. Shown in Fig. 2 is the re-
sulting magnetization curves M(H) of Ba3IrTi2O9 and
Ba3RuTi2O9 measured at T = 1.5 K up to µ0H = 55 T.
With increasing field, M(H) features a steep nonlinear
increase at low fields, followed by a quasilinear increase
at high fields. The linear-field dependence of M(H)
at higher fields is typical for an antiferromagnetic sys-
tem while the upward convex M(H) at low fields is
ascribed to weakly correlated orphan spins. This di-
chotomic characteristic allows analyzing M(H) in terms
of a sum of the defect and intrinsic contributions. The
orphan spin contribution is not simply described by a
Brillouin function BJ since the orphan spins interact
weakly to each other in the background of strongly cor-
related spins. Rather, a modified Brillouin function gives
a better description of the data with Mimp(J,H) =
4nimpgµBJBJ [gJHµB/kB(T − θimp)], where nimp is the
number of orphan spins in a unit cell and θimp is related
to the correlation temperature of defect spins. g = 2
is taken from a typical value of the g factor in MO6
(M=Ir4+ and Ru4+) octahedral environments40.
For the case of Ba3IrTi2O9, the magnetization curve is
fitted to M(H) = Mimp(J = 1/2, H)+χintr(T )H. As evi-
dent from Fig. 2(a), the above equation reproduces nicely
the experimental data. The parameters are estimated to
nimp = 0.053 and θimp = 1.69 K. A 5.3 percentage of
the defect spins mean that most of the 39 % Ir4+ spins
in the Ti(2) site are strongly exchanged coupled to the
Ir4+ spins in the magnetic triangular plane through the
out-of-plane interactions, being involved in creating a 2D
arrangement of the 1/4-depleted face-sharing tetrahedra.
In this sense, the extracted orphan-spin concentration
corresponds to deviation from the exact 1/3 depletion in
the Ir4+ triangular layer.
Estimating the defect contribution of Ba3RuTi2O9, we
check the goodness of fit for various choices of nimp in a
field range of µ0H ∈ [0, 7] T. Choosing nimp > 0.02 ends
up in a physically irrelevant situation where the theoreti-
cal curve overshoots the low-field M(H). An upper limit
of the magnetic impurity content does not exceed 2 % im-
purities. We obtain the best fit with a sum of 1.7 % of the
orphan spins and a sublinear behavior, χintr(T )H
0.719. It
is worth noting that the sublinear magnetization has been
reported in systems with bond randomness41. Possibly,
the two exchange interactions J1 and J2 are no longer
treated as identical unlike Ba3IrTi2O9.
C. Low-temperature magnetic specific heat
Ultra-low-temperature specific heat has proven to be
a powerful means to elucidate the nature of low-energy
excitations. Figure 3(a) shows a log-log plot of the spe-
cific heat vs temperature for Ba3MTi2O9 measured in
the temperature range of T = 0.08− 4 K at µ0H = 0 T.
For both compounds, we found a substantial magnetic
contribution but no signature of long-range magnetic or-
der down to 80 mK. Moreover, the specific heat does not
exhibit a Schottky hump, implying a negligible fraction
of the orphan spins. This lends further support for the
proposed 1/4 depleted tetrahedral model. The magnetic
specific heat (Cm) is obtained by the substraction of the
lattice contribution (thick solid line) from the raw data.
As plotted in Fig. 3(b), the low-T Cm data below 4 K
were fitted to a power-law Cm = γT
α where γ is a con-
stant. Cm(T ) of the Ru compound changes the exponent
α = 0.6(4) to 1.3(1) upon cooling through T = 0.4 K.
As to the Ir compound, Cm(T ) is described by a T -linear
and a T -squared behavior for T < 0.9 K, followed by a
sublinear decrease with α = 0.41. Going from the Ru
to the Ir sample, the asymptotic T -linear behavior be-
comes more well-defined while the T 2 dependence newly
appears. From analysis of our Cm data we extract the
Sommerfeld coefficient γ = 36.(8) mJ/mol K2 for the Ir
FIG. 3. (a) Temperature dependence of specific heat of the
Ba3MTi2O9 polycrystalline samples plotted on a log-log scale
together with the non-magnetic counterpart Ba3ZnSb2O9
(thick solid line). The specific heat measurements were per-
formed for temperatures below 4 K and at the zero magnetic
field. (b) The magnetic specific heat Cm of Ba3MTi2O9, ob-
tained by subtracting the non-magnetic contribution. The
solid lines are the fits of the Cm data to a power-law γT
α.
compound and γ = 126.(3) mJ/mol K2 for the Ru com-
pound. Noteworthy is that the obtained values of the
Sommerfeld coefficient are on the same order as the re-
ported QSL candidate materials1.
Usually, the T -linear term together with the non-
vanishing value of γ is taken as evidence for the presence
of low-energy gapless spinon excitations with a pseudo-
Fermi surface42. In a case of kagome-lattice spin sys-
tems, the T 2 dependence is predicted in a theoretical
model, in which spinon excitations obey the Dirac spec-
trum43,44. However, this quadratic behavior has often
been reported in other frustrated magnets, for example,
the S = 1 triangular lattices NiGaS2 and Ba3NiSb2O9 as
well as the hyperkagome iridate Na4Ir3O8
28,45,46. As the
Ba3MTi2O9 compounds do not realize a perfect kagome
lattice, the observed linear and quadratic T dependence
of Cm cannot be unambiguously interpreted in terms of
the gapless spinon excitations. Qualitatively, this can be
associated with persisting spin dynamics with unconven-
tional low-lying excitations (yet not excluding spinon-like
excitations).
5FIG. 4. (a),(b) Zero-field muon spin depolarization P (t) of Ba3MTi2O9, measured in the temperature range T = 0.02−125 K.
The solid lines are fitted to the stretched exponential function. (c),(d) Temperature dependence of the muon spin relaxation
rate λZF and stretching exponent β extracted from the zero-field data. (e),(f) Longitudinal-field dependence of the muon spin
depolarization measured at T = 23 (50) mK for the Ru (Ir) compound in a magnetic field H = 0− 200 G.
D. ZF- and LF- Muon spin resonance
Muon spin relaxation (µSR) is further employed as a
local probe to discriminate between static and dynamic
magnetism. The time-dependent muon spin polarization
P (t) of Ba3MTi2O9 in zero external field is shown in
Figs. 4(a) and 4(b) for selected temperatures. Neither
spontaneous oscillation nor missing initial P (t) is ob-
served for all temperatures down to 23−50 mK, confirm-
ing the absence of long-range magnetic order. Rather,
the muon spin relaxation is governed by rapidly fluc-
tuating dynamical fields on the muon timescale. The
zero-field (ZF) µSR spectra are well described by the
stretched-exponential function P (t) = f exp[−(λZFt)β ]+
(1−f) exp(−λbgt), where f is the fraction of the samples,
λZF(T ) is the muon spin relaxation, and β is the stretch-
ing exponent. The stretched-exponential function models
a magnetic system with a distribution of relaxation rates.
The second simple exponential term accounts for a back-
ground contribution to P (t), which stems from muons
implanted in the silver sample holder or the cryostat.
The background relaxation rate λbg is temperature inde-
pendent.
The T dependence of the relaxation rate and the
stretching exponent extracted from the fitting are plot-
ted in Figs. 4(c) and 4(d). At high temperatures above
10 K, the muon spins are weakly relaxing with a sim-
ple exponential relaxation function, indicating that the
system is close to its paramagnetic limit. On cooling
below about T = 10 K, λZF(T ) increases strongly, ev-
idencing a slowing down of electronic spin correlations.
As the temperature is further lowered, λZF(T ) levels off
below 1.4 K, signaling a crossover into a regime charac-
terized by persistent spin dynamics. The so-called persis-
tent slow dynamics has been ubiquitously observed in a
range of the QSL candidates, for example, the kagome
antiferromagnet ZnCu3(OH)6Cl2
11, the triangular lat-
tice YbMgGaO4
47, and the distorted kagome bilayers
Ca10Cr7O28
48. However, the saturation of the relaxation
should not be regarded as an exclusive property of a QSL
because the reported ground states encompass spin freez-
ing, and a weak magnetic order as well49. Rather, this
behavior is likely linked to unconventional low-energy
modes arising from either a QSL or a weakly symmetry
broken state.
Figures 4(e) and 4(f) show the results of longitudinal-
field (LF) µSR measurements where the external field is
applied parallel to the initial muon spin direction. P (t)
measured at T = 23 (50) mK for the Ru(Ir) compound
displays an exponential-type relaxation up to 200 G.
When the low-T plateau observed in λZF(T ) originates
from static magnetism, the local static field can be es-
timated to Bloc = λ/γµ ≈ 1.17 (1.88) G for the Ir(Ru)
compound, with the muon gyromagnetic ratio γµ/2pi =
135.5 MHz/T. In this case, applying a small longitudi-
nal field of about 20 G is sufficient to decouple the muon
spins from the samples. However, we find no sign of a
full polarization of the LF-µSR spectra in an external
field of 200 G, substantiating a dynamic nature of the
6magnetism.
We next turn to the evolution of the relaxation shape.
As the temperature is lowered, the stretching exponent
decreases gradually from β = 1 to a constant value of
about β = 0.5 (T < 1.5 K) for the Ru compound and
β = 0.7 for the Ir compound. The obtained values of
β are larger than the β = 1/3 expected for a canonical
spin glass. We note that the leveling off of the stretching
exponent accompanies an order-of-magnitude increase of
λZF(T ) for the Ru compound, which is much smaller than
an increase by several orders of magnitude reported in
a typical spin glass50. This suggests that Ba3RuTi2O9
has a more dynamic nature than spin-glass-like freezing.
Compared to the Ru compound, the Ir compound has
the closer value of β to 1 and shows the smaller increase
of λZF(T ). Thus, a residual frozen moment is melt down
in the Ir compound.
Taken together, the dc/ac magnetic susceptibility of
the 4d S=1 compound Ba3RuTi2O9 points towards a
spin-glass-like transition. However, the apparent lack of
heat capacity anomaly and the persisting spin dynamics
seen by µSR defy obvious symmetry breaking at tem-
peratures as low as 23 mK. Rather, the magnetic be-
havior is governed by unconventional low-energy excita-
tions, leading to a power-law dependence of Cm. We
conclude that although a small fraction of the Ru4+ spins
are locked into frozen configurations, the ground state of
Ba3RuTi2O9 has a dynamical nature as rationalized in
the pyrochlore material Tb2Sn2O7
51.
Contrarily, the 5d Jeff = 1/2 iridate displays no sharp
peak and frequency dependence in the ac magnetic sus-
ceptibility. In addition, the T 1 and T 2 dependence of
Cm is more well-defined and the muon relaxation rate,
while entering a persistent dynamic regime, is less en-
hanced. These features suggest that the Ir compound has
a weaker slow dynamics than the Ru compound. Judging
from the fact that both compounds have the same spin
topology with a similar level of the site disorders, the
small spin number and strong spin-orbit coupling in the
iridate are responsible for the stabilization of the purely
dynamically fluctuating state in the way that enhanced
quantum fluctuations melt the residual frozen moments
present in the 4d ruthenate.
It is worth commenting that the disorder-free
Ba3IrTi2O9 compound is predicted to have a stripy or-
dered magnetic ground state within the J − K − Γ tri-
angular model33. As the real compound consists of the
combined triangle and kagome geometries having a larger
macroscopic degeneracy than the pure triangular lattice,
the aforementioned theoretical model is not applicable
to the Ba3IrTi2O9 material. Given the slightly different
bond geometry mediating the intra- and inter-triangular
exchange interactions (see Supplementary Material B37),
we cannot exclude the possibility that weak random-
ness in the J1 and J2 interactions promotes the dynamic
ground state34. ab initio calculations of the two J1 and
J2 exchange paths are needed to confirm this scenario.
Our work calls for a further theoretical study to clarify
the occurrence of an exotic state of matter in the two-
dimensional 1/4 depleted tetrahedral lattice.
IV. CONCLUSIONS
In summary, a combined study of the magnetization,
dc/ac magnetic susceptibility, specific heat, and µSR
on the spin-orbit coupled frustrated antiferromagnets
Ba3MTi2O9 reveals that their magnetic ground state is
tuned from the partially frozen state in the ruthenate
to the spin-liquid-like state in the iridate. This result
demonstrates that an intriguing interplay of Kitaev-type
interaction and geometrical structure is conspired to sta-
bilize an exotic state of matter in a triangle-related iri-
date, deserving future theoretical investigations.
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